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(57) ABSTRACT 

A system and computer readable storage medium for creating 
an in-memory physical dictionary for data compression are 
provided. A neW heuristic is de?ned for converting each of a 
plurality of logical nodes into a corresponding physical node 
forming a plurality of physical nodes. Each of the physical 
nodes are placed into the physical dictionary While traversing 
the dictionary tree in descending visit count order. Each 
physical node is placed in its nearest ascendant’s cache-line 
With sui?cient space. If there is no space in any of the ascen 
dant’s cache-line, then the physical node is placed into a neW 
cache-line, unless a pre-de?ned packing threshold has been 
reached, in Which case the physical node is placed in the ?rst 
available cache-line. 

10 Claims, 6 Drawing Sheets 
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METHOD AND SYSTEM FOR CREATING AN 
IN-MEMORY PHYSICAL DICTIONARY FOR 

DATA COMPRESSION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
11/617,610 ?led Dec. 28, 2006, the entire disclosure ofWhich 
is considered part of the disclosure of the accompanying 
continuation application and is hereby incorporated by refer 
ence. 

FIELD OF THE INVENTION 

The invention relates to data compression and, in particu 
lar, to methods, systems, and computer program products for 
creating an in-memory physical dictionary for use in data 
compression. 

BACKGROUND OF THE INVENTION 

Data compression methods can be divided into tWo broad 
categories: namely, “lossy” and lossless data compression 
methods. Lossy data compression methods result in a loss of 
some information during compression. On the other hand, 
lossless data compression refers to the ability to change a data 
set, Without losing information, so that the data set can be 
stored Within less space after compression as compared to 
before compression. Lossy compression methods are often 
employed in situations Where a loss of information is toler 
able (e.g. compression of audio and video data). By contrast, 
lossless compression methods are preferably employed in 
situations Where a loss of information is undesirable and 
?delity is a priority (e.g. compression of text ?les in a data 
base). 

Lossless data compression methodsias particularly 
applied in database systems storing text informationihelp to 
reduce capital and operating costs. A typical database system 
has a ?nite amount of storage (e.g. memory, disk space and 
the like). As the amount of information in a database 
increases, neW allocations of storage may be required. HoW 
ever, adding and maintaining additional blocks of memory 
adds capital and operating costs. In the context of large data 
base systems, such as those employed in the ?nancial services 
sector, such capital and operating cost increases can make 
database management very expensive. Accordingly, com 
pressing data is a useful Way of utiliZing available storage and 
limiting requirements for neW allocations of storage. 
A particular subset of lossless data compression methods, 

referred to hereinafter as binary-string/ symbol substitution 
methods, have been developed that exploit the redundancy of 
byte-strings repeated Within a text ?le. Compression is 
accomplished by replacing frequently occurring byte-strings 
With shorter identi?ers/placeholders, referred to hereinafter 
as symbols. The Lempel-Ziv 1978 (LZ78) method of data 
compression is at the root of this class of binary-string/sym 
bol substitution methods. In accordance With the LZ78 
method: a static dictionary is created that contains frequently 
occurring byte-strings and corresponding symbols; and, com 
pression is accomplished by replacing frequently occurring 
byte-strings With respective symbols (i.e. exchanging text 
symbol pairs). 
A number of criteria are considered When evaluating the 

performance of a compression method, such as for example, 
computational overhead, ef?ciency and compression ratio. 
As a general rule, for compression to be considered effective, 
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2 
the storage allocation for the combination of a static dictio 
nary and a respective compressed data set should be substan 
tially smaller than that for the corresponding uncompressed 
data set. To that end, a static dictionary is typically de?ned as 
having a ?xed and limited siZe, Which in turn means that only 
the most frequently occurring byte-strings are stored in accor 
dance With knoWn methods of creating a static dictionary. 
HoWever, there are a number of problems associated With 
this. 
The most frequently occurring byte-strings are typically 

quite short, Which means that the longest byte-strings that 
could be used may not be stored foruse in the static dictionary 
since the dictionary is biased toWards retaining shorter more 
frequently occurring byte-strings.Yet, during the actual com 
pression process byte-strings in the data set are matched to the 
longest byte-strings stored in the static dictionary. Subse 
quently, the static dictionary contains a number of short byte 
strings that are rarely used, and the resultant compression 
ratio of the compression process may be reduced because the 
longest byte-strings that could be matched may not be stored 
in the static dictionary for use during the compression pro 
cess. 

US. patent application Ser. No. 11/278,118 (?led Mar. 30, 
2006) discloses a method for creating a static dictionary, the 
method comprising: providing a plurality of data trees, each 
of the plurality of data trees comprising a root node, at least 
one of the plurality of data trees comprising at least one child 
node, Wherein each root node and each child node stores an 
associated binary pattern, Wherein each child node is adapted 
to store a symbol associated With the child node and an 
occurrence count value associated With the child node; de?n 
ing a binary pattern string, the binary pattern string compris 
ing a concatenation of the binary patterns in a direct path from 
the root node to a particular child node, and Wherein an 
occurrence count value for the binary pattern string is the 
occurrence count value of the particular child node; and, 
incrementing the occurrence count value of the binary pattern 
string When the particular child node is visited. This approach 
is based on counting the number of times an end-node of a 
particular byte-string is visited, While not incrementing a 
count for nodes storing characters in the middle of the byte 
string as often as each time such nodes are visited. The result 
is an occurrence count metric that favors longer byte-strings. 

Regardless of the manner in Which the logical tree for 
compression is constructed, during compression operation, a 
binary representation of the logical tree must be used (a 
physical compression dictionary). This binary representation 
must be properly set up so as to minimiZe CPU usage, 
amongst other resources. Otherwise, compression Will take a 
long time. 

SUMMARY OF THE INVENTION 

A preferred embodiment of the invention is directed to a 
method for creating an in-memory physical dictionary corre 
sponding to a logical dictionary tree comprising a plurality of 
logical nodes for data compression comprising the steps of: 
converting each of the plurality of logical nodes into a corre 
sponding physical node forming a plurality of physical nodes; 
placing a root physical node of the plurality of physical nodes 
into the physical dictionary; and placing each of the remain 
ing plurality of physical nodes into the physical dictionary 
While traversing the dictionary tree in descending visit count 
order. 

In accordance With some aspects of the invention, placing 
the root physical node into the physical dictionary includes: 
placing the root physical node into a neW cache-line if a 
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packing threshold has not been reached; and placing the root 
physical node into the ?rst available space in any cache-line if 
the packing threshold has been reached. 

In accordance With some aspects of the invention, placing 
each of the remaining plurality of physical nodes into the 
physical dictionary While traversing the dictionary tree in 
descending visit count order includes: placing a physical 
node into the physical dictionary if not a root node; and 
placing the children nodes of the physical node into the physi 
cal dictionary, if any, in order of descending visit count. 

In accordance With some aspects of the invention, Wherein 
placing a physical node into the physical dictionary includes: 
examining the cache-lines of the ascendant nodes of the 
physical node in ascending order until either suf?cient space 
is found or the root node is reached; placing the physical node 
into the cache-line of the ?rst ascendant node found With 
suf?cient cache-line space; and placing the physical node into 
a secondary cache-line if no ascendant node is found With 
suf?cient cache-line space, 

In accordance With some aspects of the invention, the sec 
ondary cache-line is a neW cache-line if a packing threshold 
has not been reached; and the secondary cache-line is any 
cache-line With a ?rst available space if the packing threshold 
has been reached. 

In accordance With some aspects of the invention, the pack 
ing threshold is de?ned as the instantaneous proportion of 
physical dictionary storage occupied by physical nodes. 

In accordance With some aspects of the invention, the plu 
rality of physical nodes comprise at least one branching node 
and at least one non-branching nodes. 

According to a further embodiment of the invention, there 
is provided a system comprising for creating an in-memory 
physical dictionary corresponding to a logical dictionary tree 
comprising a plurality of logical nodes for data compression 
comprising: an element for converting each of the plurality of 
logical nodes into a corresponding physical node forming a 
plurality of physical nodes; an element for placing a root 
physical node of the plurality of physical nodes into the 
physical dictionary; and an element for placing each of the 
remaining plurality of physical nodes into the physical dic 
tionary While traversing the dictionary tree in descending visit 
count order. 

According to a further embodiment of the invention, there 
is provided a computer program product comprising a com 
puter usable medium including computer usable program 
code for creating an in-memory physical dictionary corre 
sponding to a logical dictionary tree comprising a plurality of 
logical nodes for data compression, the computer program 
product comprising: computer usable program code for con 
verting each of the plurality of logical nodes into a corre 
sponding physical node forming a plurality of physical nodes; 
computer usable program code for placing a root physical 
node of the plurality of physical nodes into the physical 
dictionary; and an element for placing each of the remaining 
plurality of physical nodes into the physical dictionary While 
traversing the dictionary tree in descending visit count order. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, and to 
shoW more clearly hoW it may be carried into effect, reference 
Will noW be made, by Way of example, to the accompanying 
draWings, Which illustrate aspects of embodiments of the 
present invention and in Which: 

FIG. 1A is a block diagram illustration of an example data 
tree; 
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4 
FIG. 1B is an example of a partially shoWn byte-string in a 

data set used to create the data tree illustrated in FIG. 1A; 
FIG. 1C is an example of a symbol table corresponding to 

the data tree illustrated in FIG. 1A; 
FIG. 2 is a block diagram illustration of a sample logical 

dictionary tree; 
FIG. 3A is a block diagram illustrating an exemplary 

physical branching node; 
FIG. 3B is a block diagram illustrating an exemplary physi 

cal non-branching node; 
FIG. 4 is How chart illustrating steps of one method of 

creating the in-memory physical dictionary in accordance 
With aspects of the invention; and 

FIG. 5 is a How chart illustrating one method of hoW a 
non-root node may be placed into the physical dictionary in 
accordance With aspects of the invention. 

DETAILED DESCRIPTION 

At least one data tree is often included in a static dictionary. 
A data tree has a number of nodes that are each used to store 
a single character from a byte-string. The branching pattern of 
a data tree de?nes the relationship betWeen nodes and thus the 
arrangement of byte-strings stored in the data tree. In accor 
dance With previously knoWn methods of creating a static 
dictionary, each node storing a character is provided With a 
respective frequency count value that is incremented each 
time the node is visited. Accordingly, for a byte-string of 
arbitrary length the nodes storing characters near the begin 
ning of the byte- string Will inherently have a higher frequency 
count value than those nodes near the end of the byte-string, 
since the nodes near the beginning must be traversed to reach 
the nodes near the end. This biases the byte-strings stored in 
the static dictionary to those represented by nodes having the 
highest frequency count value. As a result, short byte-strings, 
often made up of nodes near the beginning of a longer byte 
string, are preferred by such methods. 
By contrast, a different heuristic has been de?ned in US. 

patent application Ser. No. 11/278,118 to replace the afore 
mentioned frequency count metric used to record the number 
of times a particular node in a data tree is visited. This heu 
ristic is based on counting the number of times an end-node of 
a particular byte-string is visited, While not incrementing a 
count for nodes storing characters in the middle of the byte 
string as often as each time such nodes are visited. The result 
is an occurrence count metric that favors longer byte-strings. 
This results in a logical dictionary Which maps symbols to 
strings. 

HoWever, this logical dictionary on its oWn is not suf?cient 
for production purposes to compress strings. Actual a binary 
representation physical dictionary is needed for compression. 

Embodiments of the present invention provide for meth 
ods, systems, and computer program products for creating an 
in-memory physical dictionary for compressing data. 

Aspects of the invention may be embodied in a number of 
forms. For example, various aspects of the invention can be 
embodied in a suitable combination of hardWare, softWare 
and ?rmWare. In particular, some embodiments include, 
Without limitation, entirely hardWare, entirely softWare, 
entirely ?rmWare or some suitable combination of hardWare, 
softWare and ?r'mWare. In a preferred embodiment, the inven 
tion is implemented in softWare, Which includes but is not 
limited to ?rmWare, resident softWare, microcode, etc. 

Additionally and/ or alternatively, aspects of the invention 
can be embodied in the form of a computer program product 
accessible from a computer-usable or computer-readable 
medium providing program code for use by or in connection 
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With a computer or any instruction execution system. For the 
purposes of this description, a computer-usable or computer 
readable medium can be any apparatus that can contain, store, 
communicate, propagate, or transport the program for use by 
or in connection With the instruction execution system, appa 
ratus, or device. 
A computer-readable medium can be an electronic, mag 

netic, optical, electromagnetic, infrared, or semiconductor 
system (or apparatus or device) or a propagation medium. 
Examples of a computer-readable medium include a semi 
conductor and/ or solid-state memory, magnetic tape, a 
removable computer diskette, a random access memory 
(RAM), a read-only memory (ROM), a rigid magnetic disk 
and an optical disk. Current examples of optical disks include, 
Without limitation, compact disk-read only memory (CD 
ROM), compact disk-read/Write (CD-R/N) and DVD. 

In accordance With aspects of the invention, a data process 
ing system suitable for storing and/ or executing program code 
Will include at least one processor coupled directly or indi 
rectly to memory elements through a system bus. The 
memory elements can include local memory employed dur 
ing actual execution of the program code, bulk storage, and 
cache memories Which provide temporary storage of at least 
some program code in order to reduce the number of times 
code must be retrieved from bulk storage during execution. 

Input/output (i.e. I/O devices)iincluding but not limited 
to keyboards, displays, pointing devices, etc .ican be 
coupled to the system either directly or through intervening 
I/O controllers. 
NetWork adapters may also be coupled to the system to 

enable communicationbetWeen multiple data processing sys 
tems, remote printers, or storage devices through intervening 
private or public netWorks. Modems, cable modems and Eth 
ernet cards are just a feW of the currently available types of 
netWork adapters. 
A static dictionary includes a combination of a collection 

of one or more data trees and a symbol table. That is, a static 
dictionary is represented by a trie, Which is a collection of 
multi-child trees in common pre?x or common suf?x form. 
The trie maps a byte-string to a symbol. Each data tree stores 
a respective set of byte-strings. The symbol table stores sym 
bols relating to each byte-string stored in the collection of 
data trees. A symbol table is not necessary since the tree could 
alWays be exhaustively searched to ?nd a given symbol. 
FIGS. 1A and 1C are illustrative examples of a data tree 200 
and a symbol table, created from a partially shoWn data set 22 
provided in FIG. 1B. 
A static dictionary is only addressable in a ?nite amount of 

space, Which means the number of symbols that may be used 
is limited. Thus, it is bene?cial to select the most ef?cient 
symbols. In accordance With aspects of the present invention 
a de?nition of e?iciency is the degree to Which compression 
ratio is improved, While reducing the dictionary siZe. 

Generally, each data tree includes a single root node and 
possibly one or more child nodes, Where each node stores an 
arbitrary character and a corresponding symbol unique to the 
node that is also stored in the symbol table. A data tree extends 
from the root node. That is, a root node serves as a parent node 
to one or more child nodes storing the same or other charac 
ters as the root node. A particular child node may also serve as 
a parent node to additional child nodes that are loWer in the 
data tree than the particular child node. HoWever, it is prefer 
able that each child node has only one direct parent node. It 
Was noted above that each data tree stores a respective set of 
byte-strings. More speci?cally, each data tree is a common 
pre?x or common-suf?x representation of a byte-string. As 
such, retrieval of a particular byte-string involves concatenat 
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6 
ing characters encountered on a direct path from the root node 
to a respective child node storing the last character of the 
byte-string. 

Each root node preferably stores a unique byte from the 
Extended ASCII Character Set as a corresponding unique 
8-bit binary number. Those skilled in the art Will appreciate 
that there are 256 such unique 8-bit binary numbers in the 
Extended ASCII Character Set. Thus, in accordance With 
some aspects of the invention, there may be 25 6 root nodes for 
a corresponding set of 256 data trees included in the static 
dictionary. That is each of the 256 data trees is uniquely 
identi?able by the character stored in a respective root node. 
For example, a ?rst root node may store the null character “ ”, 
a 65th root node may store the character “A” and a 97th root 
node may store the character “a”. Those skilled in the art Will 
also appreciate that other character sets (eg the complex and 
simpli?ed Chinese character sets) With more or less than 256 
characters may also be used to de?ne root nodes. Those 
skilled in the art Will also appreciate that, While a byte is 
normally considered a binary pattern of 8-bits, different num 
bers of bits may be considered for the de?nition of characters 
and other types of information. As such, although this discus 
sion is conducted With respect to bytes, those skilled in the art 
Will appreciate that a “byte” is interchangeable With a “binary 
pattern” of any length, Which in turn means a “byte-string” is 
interchangeable With “binary pattern string”. Moreover, the 
terms “byte” and “byte-string” are only used for brevity and 
to help describe examples, given that the concept of a “byte” 
is commonly understood in the art to include a collection of 
bits (e.g. 8-bits) grouped together. 

Referring to FIGS. 1A and 1B, provided as an illustrative 
example only, shoWn is an example of the single data tree 200 
created from the data set 22, Which is partially shoWn includ 
ing only a portion of the data set 22 relevant to the data tree 20. 
The data tree 200 has a root node 210, storing the character 
“A” and symbol “65”. The root node 210 has ?rst and second 
child nodes 220 and 230, storing respective characters “b” 
and “f” With corresponding symbols “257” and “258”. The 
?rst child node 220 has third and fourth child nodes 222 and 
224, storing respective characters “s” and “f” With corre 
sponding symbols “261” and “270”. The second child node 
230 has ?fth and sixth child nodes 232 and 234, storing 
respective characters “f” and “f” With corresponding symbols 
“280” and “290”. Although the root node 210, and the ?rst 
and second child nodes 220 and 230 are illustrated as speci? 
cally having tWo child nodes each, those skilled in the art Will 
appreciate that more generally a node serving as a parent may 
have any number of child nodes. 

Creating a data tree (e.g. tree 200) includes parsing through 
a data set (e.g. data set 22) or a sample portion of the data set 
and identifying repetitive byte-strings. The basic process 
involves adding child nodes to the ends of existing byte 
strings stored in data trees. Such a process starts by matching 
an initial character from the data set to an appropriate root 
node and then matching sub sequent characters to child nodes 
until the end of the byte-string is found. A neW child node is 
then added to the end of the byte-string, and then the next 
character from the data set is matched to a corresponding root 
node and the process repeats. This process may be limited by 
various design choices, such as storage siZe. 
A symbol table includes a listing of symbols. Each symbol 

is unique and corresponds to a particular node in one of the 
collection of data trees included in a static dictionary. More 
over, each symbol corresponds to the end of a respective 
byte-string. A symbol table also includes a listing of pointers, 
Where each pointer corresponds to a particular node that a 
respective symbol corresponds to. As already noted, a static 
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dictionary is a ?nite size. Thus, it is not always possible to 
store all byte-strings identi?ed in a data set. Accordingly, a 
static dictionary is often grown in steps that include: growing 
the data trees until a predetermined number of nodes or sym 
bols is reached; evaluating which nodes (and thus byte 
strings) are worth keeping; removing (i.e. pruning) the nodes 
determined not to be worth keeping; repeating the growth and 
pruning of the data trees, as described, until the entire data set 
or sample portion of the data set has been processed; and 
?nally pruning the data trees down to a desired ?nal size (ie 
number of symbols or nodes). 

Turning to FIG. 1C, shown is a portion of an example of a 
symbol table 110 including only information relevant to the 
data tree 200 shown in FIG. 1A. However, those skilled in the 
art will appreciate that a symbol table more speci?cally 
includes symbols from one or more data trees used to de?ne 
a static dictionary. For the sake of illustrating the present 
example only, the pointer values for each symbol correspond 
to the reference indicia used in FIG. 1A. For example, symbol 
“270” is shown as having pointer “224”. Those skilled in the 
art will appreciate that a pointer may refer to a storage loca 
tion address. Moreover, also for the sake of illustrating 
present example only, the symbol table 110 (FIG. 1C) 
includes an extra “character-string ?eld” 120 showing the 
byte-string implied by reference to each particular node in the 
symbol table 110. 

For example, the symbol “270” corresponds to respective 
byte-string “Abi” which can be retrieved from the data tree 
200 by concatenating characters encountered on a direct path 
from the root node 210 to the fourth child node 224. The 
byte-string “Abi” includes the byte-string “Ab”, which can be 
retrieved from the data tree 200 by concatenating characters 
encountered on a direct path from the root node 21 0 to the ?rst 
child node 220. Moreover, with speci?c reference to FIG. 1B, 
it is clear that the shorter byte-string “Ab” is present in the 
data set 22 more often than the byte-string “Abi”. However, 
the byte-string “Abi” may provide a better compression ratio, 
and thus, methods can favor longer byte-strings, as opposed 
to the shorter byte-strings included near the beginning of the 
longer byte-strings. By contrast, previously known methods 
of building a static dictionary favor short byte-strings, such as 
“Ab”, that have higher frequency count values than longer 
byte-strings, such as “Abs”. 

Brie?y, in operation, using a static dictionary de?ned by a 
collection of data trees and a symbol table, compression is 
accomplished by: selecting characters from the data set; tra 
versing the data trees until a child node is encountered that 
does not have any child nodes of its own; and inserting the 
symbol of that child node in place of a byte-string in the data 
set that matches a corresponding byte-string obtained in a 
direct path from a particular root node to the child node. On 
the other hand, expansion is accomplished by: parsing a com 
pressed data set so as to identify symbols; retrieving a respec 
tive pointer for each symbol from the symbol table; and, 
inserting a corresponding byte-string back into the data set in 
place of a particular symbol, where the byte-string matches a 
corresponding byte-string obtained in a direct path from a 
particular root node to the child node. 

Generally, compression ratio is de?ned as the siZe of data 
after compression divided by the siZe of the data before com 
pression. The siZe of the data before and after compression is 
measurable in terms of bits, bytes, words frames and the like. 
Before a data set is compressed the siZe of the data includes 
the data set itself, whereas after a data set is compressed the 
siZe of the data includes the siZe of the compressed data set 
and the memory required to store the static dictionary. If 
multiple data sets can be compressed using the same static 
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8 
dictionary, then the compression ratio is calculated taking 
into account that the siZe of the data before compression is the 
sum of the siZes of the data sets, and the siZe of the data after 
compression is the sum of the siZes of the corresponding 
compressed data sets plus the memory required to store the 
static dictionary. Additionally and/ or alternatively, the siZe of 
the static dictionary is not included in the calculation of 
compression ratio as its effect on compression is small. 

Symbols can be evaluated in terms of ef?ciency. E?iciency 
of a symbol is calculated as the number of times a correspond 
ing byte-string occurs in a data set (or portion of a data set) 
multiplied by the length of the byte-string. 

For the actual compression process, a physical in-memory 
dictionary must be used, which is a binary representation of 
the dictionary tree discussed above. A physical dictionary is 
populated by “physical nodes”. 

Referring to FIG. 2, a logical tree 250 is shown. The physi 
cal dictionary would contain a physical node for each of the 
nodes 251 255 256 257 258 260 262. For example, node 251 
in FIG. 2 is a node with two child nodes 255 256. Node 251 is 
associated with a single symbol (“C”). Node 255 in FIG. 2 is 
a node representing the string of symbols “ANAD” and hav 
ing 2 child nodes 257 258. Of course, it is clear to the man 
skilled in the art that node 255 may be replaced by a series of 
sequentially linked nodes, each with one or more associated 
symbols, (with possible performance hits during compres 
sion). Node 255 may be replaced by 4 nodes serially linked, 
each with only one associated character. In all cases, each 
node in the logical dictionary tree will have its equivalent in 
the physical dictionary, preferably on a one-to-one basis (but 
not absolutely necessary). 

In a preferred embodiment, each physical node of the 
physical dictionary occupies a slot (variable siZed as dis 
cussed later) in a contiguous block of main memory set aside 
for the physical dictionary. External pointers exist pointing to 
the root node of the dictionary trees. 

Each physical node is of siZe which enables aligned access 
to the node in memory, e.g. units of 4 bytes (word). Unaligned 
memory access is very expensive (tens if not hundreds of 
times, depending on the platform) and to be avoided. One 
embodiment of a physical node would minimally contain a 
?eld indicating the number of children the node has, a ?eld to 
indicate the number of characters associated with the node, a 
?eld indicating whether the node represents a valid symbol, 
and a ?eld for the symbol number the node represents (if it 
represented a valid symbol). If the node has more than Zero 
children, then ?elds for a pointer to each child would be part 
of the variable siZed node. Similarly, if there is more than one 
character, then the node would have one ?eld for each char 
acter. However, it is clear to a person skilled in the art that an 
actual implementation may depart from this description. 

According to one aspect of this invention, the physical 
dictionary has two types of nodes: branching nodes and non 
branching nodes. Referring to FIG. 2, a logical tree 250 is 
shown with both types of nodes. A branching node has only a 
single symbol; it can have Zero or more leaf (children) nodes 
extending therefrom. For example, node 255 in FIG. 2 is a 
branching node with two child nodes 257 258. 
A non-branching (multi-character) node has associated 

with it at least one character. For example, node 260 in FIG. 
2 is a non-branching type of node representing the string of 
symbols “AN”. 

FIG. 3A shows the layout of a ?rst exemplary node 300 
with 2 children. This branching node 300 has a number of 
?elds.A Child Count ?eld 301 records how many children the 
branching node 300 has. According to one aspect of the 
invention, this ?eld is a single byte (8 bits) long. In a variation, 
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the actual number of children is the binary value of the Child 
Count ?eld 301 minus one (if the Child Count ?eld has binary 
value 0 then only a single child exists). A value of 0 preferably 
indicates that this node is a non-branching node and not a 
branching node. 

Another possible ?eld is the Valid Symbol Marker ?eld 
302, Which indicates Whether this branching node 300 repre 
sents a valid symbol. A further possible ?eld is a Node Type 
?eld 303, Which provides a general indication Whether this 
node 300 is a branching node or a non-branching node. A 
Node Symbol ?eld 304 contains the binary representation of 
the symbol for this branching node 300. 

For each child of a branching node 3 00 there are at least tWo 
?elds in the physical node of the branching node 300. Firstly, 
there is a Child Character ?eld 305 308 for keeping track of 
What character is represented by the child. During compres 
sion, an attempt is made to match the data byte in question to 
each Child Character ?eld 305 308. If none matches, then the 
search for a matching symbol ends. Otherwise, the Child 
Pointer ?eld 307 310 may be folloWed. 
A Terminal Marker ?eld 306 309 indicates Whether this 

child is a terminal, i.e. it has no children of its oWn. In a 
variation Where the symbol siZe is less than or equal to the 
pointer siZe, if the child is terminal, then the actual symbol of 
the child may be contained in the Child Pointer ?eld 307 310. 
A number of the above ?elds may be a single bit in length. 

These are the Valid Symbol Marker ?eld 302, the Node type 
?eld 303, and the Terminal Marker ?eld 306 309. In accor 
dance With preferred features, these ?elds all take the value of 
Zero (0) in the most common cases: 0 if a valid symbol; 0 if a 
branching node; and 0 if not a terminal child. This is so that 
these values may be checked ?rst during execution, a tech 
nique knoWn to the man skilled in the art to help reduce 
branch mispredictions When these ?elds are accessed later, 
and Will help reduce CPU usage during compression. 

The siZe for each pointer ?eld is a function of the siZe of the 
dictionary. If the dictionary (physical and logical) is chosen to 
be fairly small, then the pointers, Which are preferably offsets 
from the beginning of the storage area (main memory or disk) 
occupied by the physical dictionary, can be relatively short in 
siZe. In an exemplary implementation, the Child Pointer ?eld 
is a tWo bytes in length. It is clear that this Will be able to 
resolve 65536 addresses. The storage set aside for each child 
of a branching node should be a multiple of the Word siZe, 
typically a single Word (even if the actual required storage for 
the 3 ?elds mentioned above, Child Symbol, Child Pointer 
and Terminal Marker, is less than allocated). 
An exemplary non-branching node 350 is shoWn in FIG. 

3B. The ?rst ?eld 351 is set to Zero (0). As With branching 
nodes, another possible ?eld is the Valid Symbol Marker ?eld 
352, Which indicates Whether this non-branching node 350 
represents a valid symbol. A Node Type ?eld 353 provides a 
general indication Whether this node 350 is a branching node 
or a non-branching node. A Node Symbol ?eld 354 contains 
the binary representation of the symbol for this branching 
node 350. 
A non-branching node 350 contains the actual characters 

of the string it represents, shoWn as character ?elds 360 361 
362 363 and a Terminal Marker ?eld 364, Which indicates 
Whether the non-branching node 350 is terminal. The child 
pointer ?eld 365 is to be folloWed, if the string matches. In a 
variation Where the symbol siZe is less than or equal to the 
pointer siZe, if the child is terminal, then the actual symbol of 
the child may be contained in the Child Pointer ?eld 365. 
Under one approach all non-branching nodes represent the 
same number of packed characters (same string siZe). A pre 
ferred embodiment has 4 characters as in the case of this 
exemplary non-branching node, Which permits a single 32-bit 
instruction for improved CPU usage during compression. 
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10 
Shorter symbol sequences can reasonably Well be handled by 
a sequence of regular branching nodes; and longer sequences 
occur relatively infrequently and can make use of multiple 
non-branching nodes for part of the sequence. Thus, if there 
Was a non-branching sequence of 6 characters in the dictio 
nary, one non-branching node and tWo branching nodes 
Would be used to represent it. But there is no speci?c limita 
tion on this: embodiments of this invention may also include 
a variable-siZed non-branching node With an additional ?eld 
for indicating the number of children it has. 
The nodes of the physical dictionary must be placed on disk 

and stored as permanent data. The dictionary building process 
is time consuming and to be avoided unless necessary. The 
manner in Which the nodes of the dictionary are placed in 
memory can severely impact the runtime performance of 
compression. For example, if the nodes of the dictionary are 
placed by pre-order traversal of the dictionary tree, then com 
pression Would suffer poor cache behavior at runtime for 
traversing any path other than pre-order: the memory access 
path is non-contiguous and Would require loading many dif 
ferent cache-lines. 

Preferred embodiments of this invention place nodes and 
their children visited most often (highest visit counts) Within 
the same cache-lines Whenever possible. As a result, CPU 
usage during compression is improved. 

With reference to FIG. 4, for a given logical tree Where the 
visit count of each child in each node is recorded, the steps of 
one method for establishing the in-memory frameWork in 
accordance With this invention is set out. In step 4-0, convert 
each logical node of the dictionary tree into a corresponding 
physical node. In step 4-1, check if the packing threshold has 
been reached. If the threshold has not been reached, then 
place the root physical node into a neW (unoccupied) cache 
line: step 4-2. If the threshold has been reached, then place the 
root physical node in the ?rst available space in any cache 
line: step 4-3. In either case, at step is 4-4, traverse the dic 
tionary tree by visit count order (visit the children of each 
physical node in descending order of visit count), place each 
physical node into a cache-line of the physical dictionary 
using the methodology described in FIG. 5 beloW. 
The packing threshold is chosen to manage the amount of 

free space in the physical dictionary. One approach is to use a 
proportion of the dictionary siZe, e. g. When tWo-thirds of the 
space of the physical dictionary has been ?lled. Another 
approach is to base the threshold on the proportion of nodes 
processed, eg when one-half of the nodes in the dictionary 
have been placed into the physical dictionary space. 

FIG. 5 illustrates one method of placing a non-root target 
physical node into a cache-line. At step 5-1, set the current 
ascendant node to be the parent of the target physical node. 
The ascendant node is examined to see if it is a root node in 
step 5-2. If the ascendant node is a root node, then check if the 
packing threshold has been reach: step 5-3. In step 5-4, if the 
threshold has not been reached, then place the target physical 
node into the same cache-line as the ascendant node. If the 
threshold has been reached, then place the target physical 
node in the ?rst available space in any cache-line: step 5-5. 

If the ascendant node is determined not to be a root node in 
step 5-2, then determine in step 5-6 Whether there is room in 
the cache-line of the ascendant node to accommodate the 
target physical node. If there is space, then place the target 
physical node into the same cache-line as the ascendant node: 
step 5-7. If there is insu?icient space, then set the current 
ascendant node to be its parent node as step 5-8; then go back 
to step 5-2. 

While the above description provides example embodi 
ments, it Will be appreciated that the present invention is 
susceptible to modi?cation and change Without departing 
from the fair meaning and scope of the accompanying claims. 
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Accordingly, What has been described is merely illustrative of 
the application of aspects of embodiments of the invention 
and numerous modi?cations and variations of the present 
invention are possible in light of the above teachings. 

What is claimed is: 
1. A system for creating an in-memory physical dictionary 

corresponding to a logical dictionary tree comprising a plu 
rality of logical nodes for data compression comprising: 

an element for converting each of the plurality of logical 
nodes into a corresponding physical node forming a 
plurality of physical nodes; 

an element for placing a root physical node of the plurality 
of physical nodes into the physical dictionary; and 

an element for placing each of the remaining plurality of 
physical nodes into the physical dictionary While tra 
versing the dictionary tree in descending visit count 
order, 

Wherein the element for placing the root physical node into 
the physical dictionary comprises: 

an element for placing the root physical node into a neW 
cache-line if a packing threshold has not been reached; 
and 

an element for placing the root physical node into the ?rst 
available space in any cache-line if the packing thresh 
old has been reached. 

2. A system for creating an in-memory physical dictionary 
corresponding to a logical dictionary tree comprising a plu 
rality of logical nodes for data compression comprising: 

an element for converting each of the plurality of logical 
nodes into a corresponding physical node forming a 
plurality of physical nodes; 

an element for placing a root physical node of the plurality 
of physical nodes into the physical dictionary; and 

an element for placing each of the remaining plurality of 
physical nodes into the physical dictionary While tra 
versing the dictionary tree in descending visit count 
order; 

Wherein the element for placing each of the remaining 
plurality of physical nodes into the physical dictionary 
While traversing the dictionary tree in descending visit 
count order comprises: 

an element for placing a physical node into the physical 
dictionary if not a root node; and 

an element for placing the children nodes of the physical 
node into the physical dictionary, if any, in order of 
descending visit count. 

3. The system of claim 2, Wherein the element for placing 
a physical node into the physical dictionary comprises: 

an element for examining the cache-lines of the ascendant 
nodes of the physical node in ascending order until 
either suf?cient space is found or the root node is 
reached; 

an element for placing the physical node into the cache-line 
of the ?rst ascendant node found With suf?cient cache 
line space; and 

an element for placing the physical node into a secondary 
cache-line if no ascendant node is found With suf?cient 
cache-line space. 

4. The system of claim 3, Wherein the secondary cache-line 
is a neW cache-line if a packing threshold has not been 
reached; and the secondary cache-line is any cache-line With 
a ?rst available space if the packing threshold has been 
reached. 

5. The system of claim 4, Wherein the packing threshold is 
de?ned as the instantaneous proportion of physical dictionary 
storage occupied by physical nodes. 
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6. A computer program product for creating an in-memory 

physical dictionary corresponding to a logical dictionary tree 
comprising a plurality of logical nodes for data compression, 
the computer program product comprising: 

5 a computer readable storage medium having computer 
readable program code embodied thereWith, the com 
puter readable program code con?gured to: 

convert each of the plurality of logical nodes into a corre 
sponding physical node forming a plurality of physical 
nodes; 

place a root physical node of the plurality of physical nodes 
into the physical dictionary; and 

place each of the remaining plurality of physical nodes into 
the physical dictionary While traversing the dictionary 
tree in descending visit count order, 

15 Wherein the placing the root physical node into the physical 
dictionary comprises: 

placing the root physical node into a neW cache-line if a 
packing threshold has not been reached; and 

placing the root physical node into the ?rst available space 
20 in any cache-line if the packing threshold has been 

reached. 
7. A computer program product for creating an in-memory 

physical dictionary corresponding to a logical dictionary tree 
comprising a plurality of logical nodes for data compression, 

25 the computer program product comprising: 
a computer readable storage medium having computer 

readable program code embodied thereWith, the com 
puter readable program code con?gured to: 

convert each of the plurality of logical nodes into a corre 
sponding physical node forming a plurality of physical 
nodes; 

place a root physical node of the plurality of physical nodes 
into the physical dictionary; and 

place each of the remaining plurality of physical nodes into 
the physical dictionary While traversing the dictionary 

35 tree in descending visit count order; 
Wherein the placing each of the remaining plurality of 

physical nodes into the physical dictionary While tra 
versing the dictionary tree in descending visit count 
order comprises: 

40 placing a physical node into the physical dictionary if not a 
root node; and 

placing the children nodes of the physical node into the 
physical dictionary, if any, in order of descending visit 
count. 

8. The computer program product of claim 7, Wherein the 
placing a physical node into the physical dictionary com 
pnses: 

examining the cache-lines of the ascendant nodes of the 
physical node in ascending order until either suf?cient 
space is found or the root node is reached; 

placing the physical node into the cache-line of the ?rst 
ascendant node found With su?icient cache-line space; 
and 

placing the physical node into a secondary cache-line if no 
ascendant node is found With su?icient cache-line space. 
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55 9. The computer program product of claim 8, Wherein the 
secondary cache-line is a neW cache-line if a packing thresh 
old has not been reached; and the secondary cache-line is any 
cache-line With a ?rst available space if the packing threshold 
has been reached. 

60 10. The computer program product of claim 9, Wherein the 
packing threshold is de?ned as the instantaneous proportion 
of physical dictionary storage occupied by physical nodes. 

* * * * * 


